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中文摘要 
第一部分 丙戊酸诱导人三阴性乳腺癌细胞凋亡及其机制研究 
目的： 
丙戊酸（VPA）系一临床广谱抗癫痫药；作为一组蛋白去乙酰化酶抑制剂，
近年来诸多研究还表明其对多种肿瘤均具有较强的抗癌活性，但其确切的作用机
制尚未完全阐明。鉴于目前临床上对三阴性乳腺癌的治疗手段尚有限，现有的治
疗方案的临床疗效也比较局限，因此本研究第一部分的主要目的在于从体外细胞
水平探讨 VPA 对三阴性乳腺癌可能的治疗作用，并初步探索相关的分子机制。 
方法： 
1、 MTS 方法检测不同浓度的 VPA（0、0.125、0.25、0.5、1、2 mmol/L）
作用于人三阴性乳腺癌细胞 MDA-MB-231 和 BT20 72h 后细胞的存活情况，绘制
细胞生存曲线进行比较分析。 
2、 细胞克隆形成实验检测不同浓度的 VPA（0、0.125、0.25、0.5 mmol/L）
作用于人三阴性乳腺癌细胞 MDA-MB-231 和 BT20 后细胞的克隆形成数量，绘
制平均克隆数百分比曲线进行分析比较。 
3、 Western Blotting 法检测相同浓度的 VPA（0.5 mmol/L）分别作用 24h 或
48h后人三阴性乳腺癌细胞MDA-MB-231和BT20细胞凋亡相关蛋白 PARP的降
解水平，并对 C-PARP 的蛋白条带进行灰度扫描半定量值绘图以进行分析比较。 
4、 Western Blotting 法检测相同浓度的 VPA（0.5 mmol/L）分别作用 24h 或
48h后对人三阴性乳腺癌细胞MDA-MB-231和BT20细胞的相关信号通路关键蛋
白表达水平或磷酸化激活的影响，并对关键的蛋白条带进行灰度扫描半定量值绘
图以进行分析比较。 
5、 Western Blotting 法检测不同浓度 VPA（0、0.25、0.5、1mmol/L）作用相
同时间（24h）后对人三阴性乳腺癌细胞 MDA-MB-231 和 BT20 细胞的相关信号
通路关键蛋白表达水平或磷酸化激活的影响，并对关键的蛋白条带进行灰度扫描
半定量值绘图以进行分析比较。 
6、 普通 RT-PCR 及实时荧光定量 RT-PCR 法检测关键蛋白 EGFR 和
Survivin 基因 mRNAs 的表达水平是否发生有统计学意义的变化，并绘制 mRNA
相对表达量柱状图以进行分析比较。 
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结果： 
1、 MTS 结果显示：与未处理对照组相比，两株人三阴性乳腺癌细胞
（MDA-MB-231 和 BT20）均随着 VPA 作用浓度的递增而细胞存活率逐渐递减，
组间差异有显著的统计学意义（P<0.05）；VPA 对 MDA-MB-231 和 BT20 的半
数致死量（IC50）分别为 0.4137 mmol/L 和 0.8262 mmol/L。 
2、 细胞克隆形成实验结果进一步表明：随着 VPA 作用浓度的递增，两株人
三阴性乳腺癌细胞（MDA-MB-231 和 BT20）的细胞生长增殖明显受抑制，组间
差异有显著的统计学意义（P<0.05）。 
3、 Western Blotting 检测 PARP 蛋白降解结果显示：VPA（0.5 mmol/L）作
用 24h 后即可显著诱导三阴性乳腺癌细胞（MDA-MB-231 和 BT20）的凋亡；对
MDA-MB-231 细胞而言，随着 VPA 作用时间的延长，细胞凋亡的诱导作用愈明
显。 
4、 Western Blotting 检测表皮生长因子受体（EGFR）表达水平及其下游信
号通路激活情况的结果显示：VPA 作用可显著诱导三阴性乳腺癌细胞
（MDA-MB-231 和 BT20）中 EGFR 表达水平的下调，同时抑制其下游 PI3K/Akt
信号转导通路的激活，表现为 Akt 的磷酸化水平即 p-Akt 与未处理对照组明显降
低；VPA 诱导 MDA-MB-231 和 BT20 中 EGFR 表达水平下调及其下游 PI3K/Akt
信号转导通路的抑制效应呈明显的作用时间和剂量依赖性。此外，在 BT20 中，
尚能观察到EGFR下游的ERK信号通路也随着VPA作用时间的延长或作用浓度
的增高而被抑制得愈加明显。 
5、 有趣的是，Western Blotting 检测结果还显示：VPA 作用可显著诱导三阴
性乳腺癌细胞（MDA-MB-231 和 BT20）中抗凋亡蛋白 Survivin 的表达下调，这
种效应同样呈作用时间和剂量依赖性。 
6、 普通 RT-PCR 及实时荧光定量 RT-PCR 结果均显示：VPA 作用于人三阴
性乳腺癌细胞 MDA-MB-231 和 BT20 后其 EGFR 及抗凋亡蛋白 Survivin 的
mRNAs 表达水平与未处理对照组无明显差异，提示 VPA 下调 EGFR 及抗凋亡蛋
白 Survivin 的表达可能是通过转录非依赖性机制调控的。 
结论： 
VPA作用在体外细胞水平能够显著抑制人三阴性乳腺癌细胞的生长增殖并
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诱导其凋亡，且VPA诱导三阴性乳腺癌细胞的凋亡呈明显的作用时间和剂量依赖
性。初步的VPA作用分子机理探索提示：VPA可能通过转录非依赖性机制的介导
同时下调三阴性乳腺癌细胞中EGFR和Survivin蛋白的表达，一方面，EGFR的表
达下调致其下游PI3K/Akt和ERK信号转导通路的抑制；另一方面，Survivin蛋白
的表达下调直接导致细胞的凋亡抗性降低；二者综合作用进而诱导细胞凋亡。 
 
关键词：VPA；三阴性乳腺癌；EGFR；Survivin 
 
第二部分 丙戊酸增强人三阴性乳腺癌细胞对泰素诱导凋亡的敏感性
及其机制研究 
目的： 
泰素（Paclitaxel 或 Taxol）是目前临床上三阴性乳腺癌治疗常用的一线化疗
药，但是在实际的治疗过程中，三阴性乳腺癌患者接受治疗的后期往往会对化疗
药物产生不敏感现象，这也是导致泰素临床治疗失败的主要原因之一；因此，寻
找能够增强肿瘤细胞对泰素敏感性的药物具有重要意义。基于我们第一部分的研
究结果，本部分我们的主要研究目的在于体外细胞水平上初步探讨 VPA 与泰素
在人三阴性乳腺癌治疗中可能的协同作用，并冀望能初步揭示其可能的分子机
制。 
方法： 
1、 MTS 方法检测不同浓度的泰素（0、2、4、8、16、32 nmol/L）单独和不
同浓度的泰素联合VPA（0.25 mmol/L）作用于人三阴性乳腺癌细胞MDA-MB-231 
72h 后细胞的存活情况，绘制细胞生存曲线进行比较分析。 
2、 Western Blotting 法检测对照组、VPA 单独作用、泰素单独作用及 VPA
和泰素联合作用对人三阴性乳腺癌细胞 MDA-MB-231 细胞凋亡相关蛋白 PARP
降解的影响，并对 C-PARP 的蛋白条带进行灰度扫描半定量值绘图以进行分析比
较。 
3、 通过分子克隆法自行构建 EGFR 敲低慢病毒载体；经鉴定构建成功的
pLKO.1-EGFR_shRNA 和基因敲低对照载体 pLKO.1-SHC002 分别与包装质粒
psPAX2 和 pMD2.G 一起导入 HEK293T 细胞以包装成慢病毒，常规法收集病毒
上清备用。 
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4、 经慢病毒感染并嘌呤霉素筛选法敲低两株人三阴性乳腺癌细胞
MDA-MB-231 和 BT20 中的 EGFR 的表达，并行 Western Blotting 实验鉴定敲低
效果。 
5、 MTS 方法检测 EGFR 敲低与没敲低三阴性乳腺癌细胞 MDA-MB-231 和
BT20 经不同浓度的泰素（0、2、4、8、16、32 nmol/L）作用 72h 后细胞的存活
情况，并绘制细胞生存曲线进行比较分析。 
6、 细胞克隆形成实验检测 EGFR 敲低与没敲低三阴性乳腺癌细胞
MDA-MB-231 和 BT20 在泰素（2.5 nmol/L）作用后细胞的生长增殖情况，计数
克隆形成数量，绘制平均克隆数百分比曲线进行分析比较。 
7、 Western Blotting 实验检测 EGFR 敲低与没敲低对 VPA 和泰素单独作用
于人三阴性乳腺癌细胞 MDA-MB-231 凋亡相关蛋白 PARP 降解的影响，并对
C-PARP 的蛋白条带进行灰度扫描半定量值绘图以进行分析比较。 
结果： 
1、 MTS 实验结果显示：与泰素单独作用组相比，VPA 和泰素联合作用能明
显抑制三阴性乳腺癌细胞 MDA-MB-231 的生长增殖，两组间的差异具有显著的
统计学意义（P<0.05）；同时，Western Blotting 实验结果也表明：在人三阴性
乳腺癌细胞 MDA-MB-231 中，与对照组相比、VPA 单独作用组及泰素单独作用
组相比，VPA 和泰素联合作用能显著增强细胞凋亡，表现为凋亡相关蛋白 PARP
的降解水平明显升高；上述综合结果提示 VPA 具体外细胞水平协同增强人三阴
性乳腺癌细胞 MDA-MB-231 对泰素的敏感性。 
2、 重组质粒酶切鉴定结果表明，所构建的 EGFR 敲低慢病毒载体
pLKO.1-EGFR_shRNA 符合预期设计；慢病毒包装及感染和 EGFR 敲低效果的鉴
定也证实所建立的慢病毒系统可成功介导三阴性乳腺癌细胞中 EGFR 的表达敲
低。 
3、 MTS 实验和细胞克隆形成实验结果显示：EGFR 敲低后，人三阴性乳腺
癌细胞 MDA-MB-231 和 BT20 均对泰素作用更为敏感；Western Blotting 实验结
果则表明：在人三阴性乳腺癌细胞 MDA-MB-231 中，EGFR 敲低后细胞对泰素
诱导的凋亡敏感性明显增强；这些结果提示 VPA 协同增强泰素抗三阴性乳腺癌
活性可能与其介导的 EGFR 表达下调密切相关。 
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结论： 
VPA 具体外细胞水平上协同增强泰素抗三阴性乳腺癌的活性，其主要作用
机制可能是 VPA 通过特异性下调三阴性乳腺癌细胞中 EGFR 的表达，进而增强
其对泰素诱导凋亡的敏感性。综合而言，我们的研究为临床上 VPA 作为治疗三
阴性乳腺癌可能的联合用药提供了初步的理论基础和实验依据。 
 
关键词：VPA；泰素；三阴性乳腺癌；药物协同作用 
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Abstract 
Part one: Valproic Acid induces the apoptosis of Triple-Negative 
Breast Cancer cells and its underlying mechanism 
Objective: 
Valproic acid (VPA), a broad-spectrum anti-seizure drugs, also defined as one of 
the histone deacetylase inhibitors, was showed to have anti-cancer ability by many 
studies in recent years but the underlying mechanism of which has not been fully 
elucidated yet. Currently, the Triple-negative breast cancer (TNBC) remains incurable 
due to lacking of efficient therapy. In our present study, we focused on exploring the 
potential therapeutic effect of VPA against TNBC as well as its underlying molecular 
mechanism. 
 
Methods: 
1、Different doses of VPA（0、0.125、0.25、0.5、1、2 mmol/L）were used to 
treat the human TNBC cell lines MDA-MB-231 and BT20 for 72 hours. MTS assay 
was carried out to analysze the survival rates of the treated cells. The cell survival 
curves were plotted for comparative analysis by using untreated cells’ survivals rates 
as control. 
2、Different doses of VPA（0、0.125、0.25、0.5、1、2 mmol/L）were used to 
treat the human TNBC cell lines MDA-MB-231 and BT20. Clonogenic assay was 
carried out to analyze the effects of VPA on clone formation of TNBC cells. 
3、The same dose of VPA (0.5 mmol/L) was used to treat the human TNBC cell 
lines MDA-MB-231 and BT20 for 24h or 48h. Then western blotting analysis was 
used to detect the induced cleavage of PARP. The density of the corresponding bands 
was measured quantitatively using image analysis software and corrected by reference 
to the value of β-actin. 
4、The same dose of VPA (0.5 mmol/L) was used to terat the human TNBC cell 
lines MDA-MB-231 and BT20 for 24h or 48h. Then western blotting analysis was 
used to detect the protein expression levels of key proteins in related cell signaling 
pathways, as well as the phosphorylation levels of key components.The density of the 
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corresponding bands was measured quantitatively using image analysis software and 
corrected by reference to the value of β-actin. 
5、Different dosesof VPA（0、0.25、0.5、1mmol/L） were used to terat the human 
TNBC cell lines MDA-MB-231 and BT20 for 24 hours. Then western blotting 
analysis was used to detect the protein expression levels of key proteins in related cell 
signaling pathways, as well as the phosphorylation levels of key components.The 
density of the corresponding bands was measured quantitatively using image analysis 
software and corrected by reference to the value of β-actin. 
6、Both regular RT-PCR and quantitative RT-PCR were carried out to analyze the 
mRNA levels of EGFR and Survivin in TNBC cells untreated or treated with VPA 
(0.5 mmol/L) for 24h or 48h. The relative expression levels of mRNAs were plotted 
for comparative analysis. 
 
Results: 
1、The MTS assay showed that as compared with the untreated cells, the survival 
rates of both human TNBC cell lines MDA-MB-231 and BT20 were gradually 
decreased with the increase of dose of VPA. There was significant difference between 
groups (P<0.05). The IC50 (half maximal inhibitory concentration) of VPA to 
MDA-MB-231 and BT20 was 0.4137 mmol/L and 0.8262 mmol/L, respectively. 
2、Our clonogenic assay showed that the cell growth/proliferation of both human 
TNBC cell lines MDA-MB-231 and BT20 were significantly inhibited with the 
increase of dose of VPA. There was significant difference between groups (P < 0.05). 
3、Our western blotting results showed that treatment of cells with VPA (0.5 
mmol/L) could induce significant apoptosis in both MDA-MB-231 and BT20, as 
indicated by increased degradation of PARP (C-PARP) as compared with untreated 
control. As for MDA-MB-231, the induced apoptosis was significantly enhanced with 
the prolongation of VPA’s treatment. 
4、Our western blotting results showed that treatment with VPA significantly 
induced down-regulation of expression of EGFR in both MDA-MB-231 and BT20. 
The downstream PI3K/Akt signaling pathway was also significantly inhibited, as 
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indicated by decreased p-Akt levels in VPA-treated cells comparing with that of 
untreated cells. Both the effects of down-regulation of EGFR and inhibition of 
PI3K/Akt signaling pathway by VPA were showed to be both in a time- and 
dose-dependent manners. Besides, the gradually enhanced inhibition of ERK was also 
showed in BT20 with the increased dose of VPA or prolonged treatment of VPA. 
5、Interestingly, downregulated expression of Survivin in both MDA-MB-231 and 
BT20 by VPA in a time- and dose-dependent manner, a member of IAPs (inhibitor of 
apoptosis proteins), was also showed by our western blotting analysis.  
6、Both regular RT-PCR and quantitative RT-PCR results showed that the mRNA 
levels of both EGFR and Survivin in MDA-MB-231 and BT20 treated with VPA 
remais much the same as in untreated control. These results indicated that 
downregulation of EGFR and Survivin by VPA may be via a transcription- 
independent mechanism. 
 
Conclusion:  
VPA can inhibit the growth/proliferation as well as induce apoptosis of human 
TNBC cells in vitro in a time- and dose-dependent manner. The possible molecular 
mechanism may be that VPA could down-regulate expression of both EGFR and 
Survivin via a transcription-independent mechanism in TNBC cells. Downregulation 
of EGFR leads to inhibition of downstream PI3K/Akt and/or ERK signaling pathways, 
while decreased expression of Survivin directly sensitizes TNBC cells to induced 
apoptosis. 
 
Key words: VPA; TNBC; EGFR; Survivin 
 
Part two: Valproic acid enhances the sensitivity of TNBC cells to 
paclitaxel induced apoptosis and its underlying mechanism 
Objective:  
Paclitaxel (or taxol) is the first-line anti-cancer drug for TNBC treatmemt. 
However, primary or acquired resistance to paclitaxel occurs frequently in patients 
with TNBC, which being one of the major causes of treatment failure. Therefore, it is 
of great significance to develop new drug that can enhance the sensitivity of cancer 
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cell to paclitaxel. Based on the new findings in our previous study in part one, we 
focus on exploring the possible synergistic effect as well as the underlying molecular 
mechanism of VPA and paclitaxel on the treatment of TNBC in vitro.  
 
Methods:  
1、Different doses of paclitaxel（0、2、4、8、16、32 nmol/L） alone or different 
doses of paclitaxel in combination with VPA （0.25 mmol/L）were used to treat the 
human TNBC cell MDA-MB-231 for 72 hours. And then MTS assay was carried out 
to analysze the survival rates of the cells. The cell survival curves were plotted for 
comparative analysis by using untreated cells’ survivals rates as control. 
2、MDA-MB-231 were treated with VPA alone, Paclitaxel alone, or VPA in 
combination with Paclitaxel. The western blotting analysis was used to detect the 
induced cleavage of PARP. The density of the corresponding bands was measured 
quantitatively using image analysis software and corrected by reference to the value 
of β-actin. 
3、Technology of molecular cloning was employed to construct the lentiviral 
expression vector of EGFR shRNA. After identification, the successful recombinant 
lentiviral vector pLKO.1-EGFR_shRNA and the gene knockdown control vector 
pLKO.1-SHCOO2 were transfected into the HEK293T cells with the packing 
plasmids psPAX2 and pMD2.G to produce the lentiviruses. The supernatant with 
lentiviruses was harvested stored at -80℃ for further use.  
4、Lentivirus infection and puromycin screening were used to knockdown 
expression of EGFR in human TNBC cell lines MDA-MB-231 and BT20. The 
knockdown effect was detect by western blotting analysis.  
5、Different doses of paclitaxel（0、2、4、8、16、32 nmol/L）were used to treat 
the human TNBC cell lines MDA-MB-231 and BT20 with or without  EGFR- 
knockdown. And then MTS assay was carried out to analysze the survival rates of the 
cells. The cell survival curves were plotted for comparative analysis by using 
untreated cells’ survivals rates as control. 
6、Paclitaxel (2.5 nmol/L) was used to treat the human TNBC cell lines 
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MDA-MB-231 and BT20 with or without EGFR-knockdown. Clonogenic assay was 
carried out to analyze the effects of paclitaxel on clone formation of TNBC cells  
with or without EGFR-knockdown. 
7、MDA-MB-231 with or without EGFR-knockdown were treated with VPA 
alone or paclitaxel alone and western blotting analysis was used to detect the induced 
cleavage of PARP. The density of the corresponding bands was measured 
quantitatively using image analysis software and corrected by reference to the value 
of β-actin. 
 
Results:  
1、The MTS assay showed that as compared with the cells with paclitaxel 
treatment alone, paclitaxel in combination with VPA treatment resulted in 
significantly decreased survival rates of the human TNBC cell line MDA-MB-231 
(P<0.05). Meanwhile, western blotting results also demonstrated that as compared 
with untreatment control, VPA treatment alone, or paclitaxel treatment alone, 
paclitaxel in combination with VPA treatment significantly enhanced apoptosis of 
MDA-MB-231, as indicated by increased degradation of PARP. Taken together, these 
results suggested that VPA synergistically enhance the anti-cancer activity of 
paclitaxel against TNBC in vitro. 
2、Restriction analysis of the recombinatant plasmid showed that EGFR 
knockdown lentiviral vector pLKO.1-EGFR_shRNA was successfully constructed. 
The EGFR knockdown effect of our self-prepared lentiviral system in TNBC cells 
was verified by the result of our western blotting analysis. 
3、Both the results of MTS assay and the clonogenic assay showed that 
knockdown of EGFR could sensitize the TNBC cell lines MDA-MB-231 and BT20 to 
paclitaxel. Our western blotting results demonstrated that knockdown of EGFR could 
also enhanced the paclitaxel-induced apoptosis in TNBC cell MDA-MB-231, as 
indicated by increased degradation of PARP (C-PARP) as compared with the 
EGFR-unknockdown control. Collectively, our current results suggested that VPA 
may synergistically enhance the sensitivity of TNBC cells to paclitaxel via specific 
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down-regulation of EGFR expression. 
  
Conclusion:  
VPA can synergistically enhance the sensitivity of TNBC cells to paclitaxel in 
vitro. The possible molecular mechanism may be that VPA could specifically 
down-regulate the expression of EGFR in TNBC cells, which in turn results in 
inhibition of downstream PI3K/Akt and/or ERK signaling pathways and sensitizes 
TNBC cells to paclitaxel-induced apoptosis. Taken together, our current study offers a 
theoretic basis as well as experimental data for VPA-based of new therapy for TNBC. 
 
Key words: VPA; Paclitaxel; TNBC; Synergistic effect 
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